A candidate z ∼ 8 galaxy lensed by a foreground z ∼ 1.7 group R. L. Barone 
INTRODUCTION
The epoch of reionisation at redshift z ∼ 7 − 12 (Komatsu et al. 2010; Shull et al. 2012 ) is a key period in the evolution of the Universe when the first galaxies formed and reionised the neutral Hydrogen in the intergalactic medium (IGM).
Due to the absorption of emitted photons with energies high enough to ionise neutral Hydrogen, the spectra of these early galaxies have highly attenuated regions bluer than the Lyman-break at 1216Å, enabling their identification from broad band imaging with the Lyman-Break, or dropout, technique (Steidel et al. 1996; Giavalisco 2002) . Until re-cently, this technique had been successfully used to build large galaxy samples out to z ∼ 6, with sources selected using observations from both from ground-and space-based observations. However, the sample sizes were dramatically reduced at z 7, because of relative inefficiency of nearinfrared imaging (Bouwens & Illingworth 2007; Oesch et al. 2008) . The introduction of Wide Field Camera 3 (WFC3) on the Hubble Space Telescope (HST) has provided new opportunities in the field, with the construction of the first sizeable samples of galaxies at a photometric redshift z 7, with over 200 such objects identified to date (Bunker et al. 2010; McLure et al. 2010; Yan et al. 2010; Bouwens et al. 2011a,b; Bradley et al. 2012b; Grazian et al. 2012; Finkelstein et al. 2012; Ellis et al. 2012; Oesch et al. 2013) .
These new observations have opened the possibility of quantifying and studying the galaxy luminosity function, φ(L), during the epoch of reionisation as well as its evolution with redshift. Measurement of the luminosity function is a key requirement for understanding the production of ionising photons at high-z which completes hydrogen reionisation. In this context, it is of fundamental importance to discriminate between intrinsic evolution of the galaxy luminosity function and observational bias.
One possible effect is gravitational lensing magnification bias (e.g., Wallington & Narayan 1993) . As suggested by Wyithe et al. (2011) , this can be significant given the luminosity function at z 7, even for fields without massive structures such as the Hubble Ultradeep Field (Beckwith et al. 2007 ). Typically, strong gravitational lensing of high-z galaxies is achieved around the critical lines (i.e. highmagnification regions) of intermediate redshift massive clusters (e.g., see Bradač et al. 2009; Bradley et al. 2012a) . Through the use of these gravitational telescopes, it is possible to achieve magnifications of ≈ 10 and higher (e.g. Yee et al. 1996) , thus reaching fainter luminosities and detecting intrinsically ultrafaint galaxies with high efficiency. This is illustrated by a recent report of a candidate at z ∼ 12 strongly lensed with multiple images (Coe et al. 2013 ) as well as a handful of other candidate strongly lensed galaxies at z ∼ 8 and above (Zheng et al. 2012; Bouwens et al. 2012) . Gravitational lensing also allows the possibility of spectroscopic follow-up of the candidates Bradač et al. 2012) . In general, magnification bias depends on the slope of the luminosity function of the sources: steeper luminosity functions yield more lensed sources because the loss in solid angle is compensated by the steep rise in number counts at deeper flux limits. Therefore, this effect becomes especially important for the bright end of the galaxy luminosity function (L > L * ), where L * is the "knee" of the luminosity function in the Schechter parameterization,
. However, magnification is not restricted to massive clusters. Foreground structures can result in positive magnification along more typical lines of sight. Wyithe et al. (2011) showed that ∼ 10% of galaxies at z ∼ 8 with L 2L * should be magnified by a factor of a few, owing to lensing by galaxies and groups along the line of sight. To investigate the impact of gravitational lensing on the brightend of the observed galaxy luminosity function at z ∼ 8, we examined the best candidates identified in the Brightest of Reionising Galaxies (BoRG) WFC3 HST survey (having mAB 26.5 and S/N > 8). Although in a different context, previous studies have already shown that multiplyimaged sources are common amongst apparently bright infrared sources found by wide area Herschel surveys (Negrello et al. 2010; González-Nuevo et al. 2012) . To investigate the impact of gravitational lensing on the bright-end of the observed galaxy luminosity function at z ∼ 8, we examined the best candidates identified in the large-area Brightest of Reionizing Galaxies (BoRG) WFC3 HST survey Bradley et al. 2012b) , searching for gravitationally lensed configurations. Throughout this paper we assume a ΛCDM cosmology of Ωm = 0.27, ΩΛ = 0.73 and H0 = 70kms −1 Mpc −1 . Coordinates are given in the J2000.0 epoch and AB magnitudes are used. This paper is structured as follows. We discuss the data, photometry and photometric redshifts in Section 2, and the case for lensing in Section 3. In Section 4 we introduce the Markov-Chain Monte Carlo (MCMC) method that we have applied to investigate the lensing hypothesis, as well as the MCMC results. In Section 5 we compare the z ∼ 8 source properties to those in the literature. In Section 6 we investigate the properties of the deflector, and we conclude in Section 7.
SEARCH FOR LENSED Z ∼ 8 SOURCES IN THE BORG SURVEY
The BoRG survey is a Hubble WFC3 large pure-parallel program aimed at identifying galaxy candidates at z ∼ 8 from their colours based on the Lyman-break technique (Steidel et al. 1996) . The core of the BoRG survey is based on WFC3 imaging in four filters (V606, Y098, J125, H160) obtained as part of HST programs #11700 and #12572 (PI Trenti), complemented by archival data with a similar observational design and same infrared (IR) filters, but with F600LP substituting F606W (HST program # 11702, PI Yan) Yan & Collaboration 2012) . A full description of the survey and of its findings is reported in Trenti et al. (2011 Trenti et al. ( , 2012 and Bradley et al. (2012b) . To summarize, the BoRG survey has so far found 33 z ∼ 8 LBGs identified as Y098-dropouts with J125 magnitudes between 25.8 and 27.4 mag (Bradley et al. 2012b) . The candidates were obtained by analyzing data over a total area of 274 arcmin 2 divided in 59 independent lines of sight. The large number of independent fields results in a sample unaffected by large-scale structure uncertainty and includes a variety of different environments in terms of line-of-sight structure, representing an ideal dataset to quantify magnification bias. On average, the distribution of magnification along a random line of sight is skewed and peaks slightly below one (underdensities) with a long tail to positive magnification (overdensities) (e.g., Suyu et al. 2010 , and references therein).
To search for evidence of large magnifications, we visually inspected the regions surrounding the 8 sources with the highest S/N in the survey and identified one candidate (borg 0440-5244 682 in the notation of Bradley et al. 2012b) , which is close in projection to a small group of foreground galaxies. We also find a possible counter image on the opposite side of the foreground group, making this source a good candidate to be magnified significantly and warranting further investigation. Should this source be strongly lensed, we would find the empirical lensed fraction of the brightest galaxies in BoRG to be ∼ 12.5%. This value is in agreement with the predicted value of ∼ 10% for a survey such as BoRG by Wyithe et al. (2011) .
Photometry of Y098-dropout and foreground sources
The candidate z ∼ 8 galaxy, borg 0440-5244 682 was identified in field borg 0440-5244 (following the notation of Bradley et al. 2012b ). The photometry presented in Bradley et al. (2012b) gives a J125 magnitude of 25.9 ± 0.1 mag, a Y098 − J125 residual of > 2.1 mag, and S/N after sky subtraction in V600, Y098, J125 and H160 of −0.8, −0.5, 9.1 and 5.7, respectively. We find a J125 ellipticity for the dropout of ∼ 0.4 in the direction of the suspected critical curve of the lens. The J125 half-light radius of the dropout was measured, using SExtractor, to be 0. 21 (1.1kpc at z ∼ 8).
Within a few arcseconds of the dropout there is a compact group of three objects. The two brighter objects have essentially identical colours and are identified as a single source with J125 ∼ 23.5 mag in our SExtractor catalog (source borg 0440-5244 647). The third galaxy has J125 ∼ 24.6 mag (identified as borg 0440-5244 650). The photometry of all objects is summarised in Table 1 . Postage-stamp images of the dropout and foreground galaxies in the single optical and three near-IR filters of the BoRG survey are presented in Figure 1 . Visual inspection of the images highlights a possible very faint (S/N∼ 2) counter image, which is apparent primarily in the deepest band, J125, and located immediately below the foreground galaxies opposite the primary dropout image. We present the labeled dropout images and deflector galaxies in Figure 2 . To investigate this configuration further, we perform aperture photometry in IRAF on the primary and counter images to determine the flux ratio in J125 and H160. To minimize contamination of the counter image photometry by the lensing group, we operate on a version of the J125 and H160 images where we subtracted a scaled and PSF-matched version of the Y098 data. For this, we use ISIS2.2 (Alard 2000) to produce a convolution kernel between the images in the different bands and to match the PSFs. There is some residual due to the foreground galaxies having intrinsically different profiles between filters. The galaxies on the whole, though, are adequately subtracted, and the residuals do not affect the photometry at the image positions. The subtracted images are shown in Figure 3 .
Photometry is performed in a 4 pixel circular aperture (0. 32). In J125, the integrated flux in the primary image is 2678 ± 305 e − (consistent with the S/N= 9.1 determination in Bradley et al. 2012b) , and the flux in the counter image is 560 ± 301 e − . The uncertainty includes both poisson noise and background. This gives a flux ratio of 4.8 ± 2.6, where the large error propagates from the low signal-to-noise of the counter image.
We do not detect a clear signal at the location of the counter image in the H160 image, but this is not too surprising since from the flux ratio measured in J125 and the H160 primary image 5.7σ detection, we would expect the H160 counter image to be detected only at 1.2 ± 0.7σ.
In the Markov-Chain Monte Carlo analysis (Section 4), we fit both bands simultaneously so the non-detection will be taken into account in the modelling and contribute to constrain the lens and source properties.
Photometric redshifts of foreground galaxies
To constrain the redshift of the foreground sources, we utilise the bayesian photometric redshift code BPZ (Benitez 2008; Coe et al. 2007 ). The two brightest galaxies in the group (source borg 0440-5244 647) have a redshift distribution strongly peaked at z ∼ 1.77, primarily determined by the assumption that the 4000Å break is the cause for the red Y-J colour of the galaxies. The limited information from our four-filter photometry does not allow us to constrain accurately the redshift of source borg 0440-5244 650, which is characterized by a more extended p(z), peaking at z ∼ 0.3. However, the probability of this fainter galaxy being at z ∼ 1.7 is non-negligible, leading to the likely possibility that the broad p(z) is simply an effect of photometric scatter and not of a different redshift. To support the group hypothesis, we searched for galaxies in the immediate proximity of the group and dropout sources. In a square field centred on the lens candidate with side length 56", we find 10 galaxies brighter than m = 26 mag with photometric redshifts peaked at 1.5 z 2.1. Similar results on the photometric redshift distribution of the foreground galaxies are confirmed by the Zebra code (Feldmann et al. 2006) , which prefers a high-z solution for borg 0440-5244 650 as well, assuming a continuous star formation history for that galaxy. If the lens galaxies are all at z ∼ 1.77, their luminosity translates into an halo mass of ∼ 4×10 12 M for borg 0440-5244 647 and ∼ 1.5×10 12 M for borg 0440-5244 650 respectively, on the basis of abundance matching based on the galaxy luminosity obtained using the Cooray (2005) conditional luminosity function.
At face value this would give circular velocities Vc ∼ 300 km s −1 and Vc ∼ 240 km s −1 respectively for the halos of the two galaxies. Translating circular velocities into central velocity dispersion σ0 of a Single Isothermal Sphere model for the lens is complicated by baryonic physics which generally tend to increase the central velocity dispersion of a collapsed Navarro & White (1996) dark matter halo. In practice, it is comparable to the observed stellar velocity dispersion σ * ≈ Vc at the scale considered here (e.g., Bundy et al. 2007; Dutton et al. 2010) , which is in turn very close to the velocity dispersion of the Singular Isothermal Sphere that describes the total mass density profile in the inner regions of massive ellipticals (Treu & Koopmans 2004; Koopmans et al. 2009; ). In addition, lensing optical depth is a strongly rising function of velocity dispersion (e.g. Ruff et al. 2011 ) and σ0 ≈ 300 km s −1 is a typical value for group-sized halos (Treu & Koopmans 2002 ). In the less likely low-z solution for the group (z ∼ 0.5), the sources would only have Vc ∼ 100 km s −1 , and therefore be too small to act as strong lenses.
THE CASE FOR STRONG LENSING OF BORG 0440-5244 682
We see 4 indicators that provide circumstantial evidence that borg 0440-5244 682 is a z ∼ 8 LBG lensed by a foreground group.
(i) We observe a possible faint counter image on the opposite side of the deflector. Both the brighter image (the 'primary image'), and the fainter image (the 'counter image') are completely absent in the Y098 and V600 filters, consistent with the z ∼ 8 LBG selection criteria, and with the lensing hypothesis (lensing is achromatic). Multiple imaging by a deflector is a necessary condition for strong lensing.
(ii) A group of massive galaxies at z ∼ 1.7 is found in between the candidate images. The two dropouts are both strikingly close to a foreground group of galaxies. The foreground group members have photometric redshifts of z ∼ 1.7, which is relatively robust despite the availability of only four bands due to the Balmer break occurring in the imaged Y098. As we will show below, this configuration requires an Einstein Radius of ∼ 1. 5, which is consistent with strong lensing by a massive galaxy/group at moderate redshift (Treu & Koopmans 2002; Treu 2010 ).
(iii) The dropout is consistent with being elongated tangentially in the direction of the suspected critical curve. From the photometry presented in Section 2.1, we see the primary image shows tangential elongation, consistent with the lensing hypothesis. The observed elongation is consistent with that predicted by the model once smearing by the WFC3 PSF and low S/N of the data are taken into account, as described in Section 4.
(iv) Bright Y098-dropouts are observed to be strongly clustered. We do not observe clustering in this case. If the primary observed dropout was not magnified, it would be intrinsically very luminous. Therefore, we we would expect to find additional Y098 dropouts in the field ). We do not find any other Y098 dropouts in BoRG 0440-5244 (Bradley et al. 2012b ). Lensing magnification would imply the dropout is intrinsically fainter, and hence less strongly clustered, consistent with the observed configuration.
MEASUREMENT OF LENS AND SOURCE PROPERTIES USING A MARKOV-CHAIN MONTE CARLO BAYESIAN INFERENCE
In this section, we discuss our inference of source and deflector properties using the WFC3 data. We have implemented the Metropolis algorithm in a Markov-Chain Monte Carlo analysis to find the posterior probability distribution function of source and deflector parameters within a Bayesian framework. Our deflector mass model consists of a Singular Isothermal Ellipsoid (SIE). The SIE model is a generalization of the Singular Isothermal Sphere, and is a commonlyused parametrisation of the mass distribution of a lensing galaxy (Keeton 2001a ). The SIE is the simplest mass model that provides an adequate representation of the mass distribution of massive ellipticals (Kochanek 1995; Treu & Koopmans 2004; Koopmans et al. 2009; Treu 2010) . We adopt the definitions of the Einstein Radius, ellipticity and position angle as described by Keeton (2001a) . The surface mass density, in units of critical density, is defined by,
where b is the Einstein Radius, = 1−q 2 1+q 2 and q is the axis ratio of the ellipsoid. According to this definition the Einstein Radius is defined along the intermediate axis of the ellipsoid. When calculating the mass enclosed by the critical curve, we integrate the surface mass density within the Einstein Radius. The Einstein Radius is then related to the velocity dispersion of the SIE profile by
where b is the Einstein Radius, σv is the line-of-sight velocity dispersion, q is the axis ratio of the ellipsoid, Ds is the angular diameter distance from the observer to the source and D ds is the angular diamter distance from the deflector to the source. The centre of the SIE is fixed to coincide with the centre of light of the main deflector galaxy. The deflector model therefore has three free parameters: Einstein Radius (as a proxy for velocity dispersion), ellipticity and position angle. For the source surface brightness distribution we adopt the Sérsic profile (Sérsic 1963) . The Sérsic profile is defined by six free parameters: the Sérsic index, the effective radius, flux, x-position, y-position, ellipticity and position angle. This gives a total of 10 parameters for the deflector-source model.
The MCMC method and code
We wrote an MCMC sampler in python using the Metropolis algorithm. The code accepts data in the form of FITS files and calculates an image plane model by calling GRAVLENS (Keeton 2001b) to produce an image plane surface brightness map. Other than this dependency, the code relies only upon some widely-available python modules. The user of the code has full control over the simulation. They may set the step size, number of iterations, initial guesses for parameter values, which parameters to vary and which to fix at a certain value. The code also has the option to self-calibrate the step size to achieve a desired success rate.
The code follows a standard MCMC process. The loglikelihood is 1 2 χ 2 , where χ 2 = (
2 , the data are the WFC3 data in H160 and J125, and the model is the PSFconvolved image plane. We use uniform priors on all parameters. As lensing is achromatic, the only difference between the H160 model and the J125 model comes from the PSFs and the noise model. Hence, the log-likelihood is calculated for the H160 and J125 independently and summed to generate a total log-likelihood for a given model.
MCMC lens modelling
We run the MCMC code with the 10 parameters described above. The data are cropped WFC3 FITS files in J125 and H160, along with oversampled PSFs and RMS maps. The code allows for oversampled PSFs by oversampling the image plane equivalently. The step size is optimized to deliver a success rate of 0.333. As usual, we discard the MCMC burn in. We find well constrained posterior probability distribution functions (posterior pdf) for each parameter in both the source and lens.
The inferred parameters from the MCMC analysis are presented in Table 2 . We find a source with a Sérsic index of n ∼ 1 and a major-axis half-light radius of 0.7 kpc (in Section 5 we use SExtractor to determine the circularized half-light radius for consistency with the literature). The apparent magnitude of the source would be 27.4 ± 0.1 mag if observed unlensed. The magnification at the location of the primary image is 3.7 ± 0.2. The total magnification is 4.4 ± 0.2.
The lens model based on the mean of the posterior of each parameter is presented in Figure 4 . This model predicts a flux ratio of 4.92, which compares well with the observed value of 4.8 ± 2.6. The source model is presented in the left panel of Figure 5 at a finer pixel scale than the data as lensing allows us to recover more spatial information than if the source was not lensed.
We also reconstruct the source in the mean lens model using LENSVIEW (Wayth & Webster 2006) . LENSVIEW creates a mapping matrix for a given lens model which reverse maps image plane pixels to the source plane. We do this independently for the J125 and H160 images. The LENSVIEW reconstructions are shown in the centre and right panels of Figures 5 and agree well with the MCMC results.
The image plane
Based on our lens model we compute the surface brightness distribution in the image plane and how it would appear in our HST observations owing to the effects of finite sampling, resolution and S/N. The results are shown in Figure 6 . We simulate a noise-less image plane, an image plane with the noise and resolution of our data, and the image plane with a deeper observation and better sampling. They are shown left to right in Figure 6 , respectively. The simulations show that the current data is consistent with an elongated image. The right hand panel of Figure 6 shows that improving the S/N by a factor of two and adopting suitable subpixel dithering 1 to improve the sampling will result in a clear detection of elongation and of the counter image, if the lensing hypothesis is correct.
COMPARISON OF THE SOURCE MORPHOLOGY WITH THAT OF DROPOUTS IN THE LITERATURE
In this section we compare the predicted source parameters with other z ∼ 8 galaxies from the literature. The intrinsic source profile recovered in our MCMC analysis, and independently using LENSVIEW on the J125 and H160 data, is presented in Figure 5 . We use SExtractor on the intrinsic unlensed sources to determine their intrinsic effective radii. The effective radius definition is not unique in the literature. For consistency with previous work on galaxy sizes at high-z (Grazian et al. 2012) we use SExtractor to determine the effective radius, which uses concentric circular aperture measurements. In contrast, the effective radius value found in the MCMC analysis is defined along the major-axis of the Sérsic profile, which will vary by a factor of is the axis ratio. The intrinsic effective radii for the sources are presented in Table 3 , and is consistent with the results of Oesch et al. (2009) is the intrinsic effective radius and rPSF is the full width at half maximum of the PSF. Table 3 summarizes the measurements of the observed size. We compare our results with the size-luminosity relation measured at z ∼ 7 by Grazian et al. (2012) in Figure 7 , after accounting for an expected approximate scaling of the galaxy radius with redshift as 1/(1 + z) (Oesch et al. 2009; Wyithe & Loeb 2011) . We find that the recovered properties of our source are consistent with the z ∼ 7 sample presented in that work. The LENSVIEW reconstruction and the source recovered in the MCMC analysis are plotted in red in Figure 7 . We also plot the size and luminosity of the primary image, assuming it is unlensed and find that the galaxy would not be an outlier on the relation. Thus, the size of the Y098-dropout is consistent with literature data whether it is lensed or not.
DEFLECTOR MASS-TO-LIGHT RATIO
Strong gravitational lensing offers a direct and uniquely precise measurement of the deflector total mass distribution. Lensing constraints are also free from assumptions of a system's dynamical properties which is critical in other direct measurements of a system's mass (Cappellari et al. 2009 ). Under the assumption that we are, in fact, observing a lens system as described in this paper, we can measure the mass of a z ∼ 1.7 group and its associated most massive galaxies with unprecendeted precision.
To calculate the mass enclosed mass, we integrate the SIE mass distribution over the Einstein Radius of 1. 49. We also fit a de Vaucouleurs profile to the main deflector galaxy using GALFIT to determine its effective radius, re, and its de Vaucouleurs luminosity, L deVauc . The mass within the effective radius is also calculated by integrating the SIE mass distribution over re. It should be noted that the effective radius of the de Vaucouleurs profile is defined by GALFIT along the major axis. For consistency with the mass measurement Table 3 . The intrinsic and WFC3 observed effective radii of the source recovered in the multi-band MCMC analysis, and reconstructed independently for each band using LENSVIEW. Figure 5 . Left: The MCMC recovered source, centre: the J 125 LENSVIEW reconstruction, right: the H 160 LENSVIEW reconstruction. As gravitational lensing magnifies surface area while preserving surface brightness, we can recover spatial information of the source with more detail than if it was unlensed. We sample the source plane at a pixel scale 4 times finer than the data. These sources have not been convolved with the HST WFC3 PSF. All three panels are 1. 2 on each side and shown on the same scale. Figure 6 . The image plane with varying degrees of noise. On the left is a noise-less image plane at a pixel scale of 0. 08/pixel. The centre panels hows the image plane including noise with an RMS of the current data at a pixel scale of 0. 08/pixel. The right panels shows how the image plane would appear with twice the S/N of the current data drizzled onto a pixel scale of 0. 065/pixel. Elongation in the primary image is detected, as is the counter image at a high S/N.
within the Einstein Radius, we integrate the mass over the effective radius defined along the intermediate axis.
Converting the lensing observables and photometry into physical masses and luminosities requires knowledge of the source and deflector redshifts. Thus, the uncertainty in photometric redshifts is the main source of uncertainty for this application. In addition, we need to account for systematic errors in photometric measurements. We take all these sources of uncertainty into account by performing a Monte Carlo simulation to evaluate credible intervals on the derived parameters. First, we consider the posterior distribution for the photometric redshift of the deflector given by BPZ, z = 1.77 ± 0.27. Second, we set the uncertainty on the main galaxy effective radius to be 20%, to account for systematic errors which dominate the formal statistical errors provided by GALFIT. The error in effective radius propagates through the calculation of deflector and main galaxy mass as well as the luminosity enclosed within the effective radius. Third, we note that the error in the source redshift is not as important as the deflector redshift because the angular diameter distance is relatively insensitive to redshift around z ∼ 8. We set this to ±0.5. Finally, we also include errors on the solar luminosity, K-correction, systematics in the photometry and random errors in the MCMC analysis. The resulting values for measured quantities are quoted at the 50th percentile and the resulting errors on the derived quantities are quoted and plotted at the 68% confidence limit.
The mass enclosed within the Einstein Radius of 1. 49 of the SIE mass distribution is 1.08
12 M . Photometry of the luminous matter enclosed within the Einstein Radius is listed in Table 1 . We apply the distance modulus out to z = 1.77 and a K-correction using single stellar populations models with ages in the range 1-2 Gyr to convert the J125 magnitude to the rest-frame B band magnitude. We note that the redshift B band is very close to the observed J125 and therefore the K-correction is fairly robust with respect to changes in the assumed SED, resulting in a negligible additional uncertainty. Combining these measurements, we find a total mass-to-light ratio within the Einstein Radius of M/LB = 30.7 +3.7 −12.6 M /L (the uncertainties include the effects of the uncertain deflector and sources redshift as described above). This suggests that dark matter dominates Figure 7 . Size versus luminosity relation for the Y 098 -dropout source under the lensing scenario, as recovered from our MCMC analysis and as reconstructed with LENSVIEW (both red). The blue point shows instead the same measurement but assuming that no lensing magnification is present. Both scenarios are consistent with the size-luminosity relation measured by Grazian et al. (2012) at z ∼ 7, and scaled to z ∼ 8 assuming r(z) ∝ 1/(1 + z). The change in luminosity distance from z = 7 to z = 8 is also accounted for.
the mass of the deflector and supports the argument that the deflector is a group. The Einstein Radius is ∼ 20 times as large as the re of the main deflector galaxy which is in line with a mass distribution dominated by dark matter.
To obtain the stellar mass-to-light ratio of the central deflector, we calculate the lensing mass within re and account for the dark matter fraction as follows. We use GALFIT to fit a de Vaucouleurs profile to the main deflector galaxy. We find it to have circularised re = 0. 072±0.014, and a magnitude of m deVauc = 23.55 ± 0.1 mag. We find the circular effective radius to be 0.62 +0.14 −0.13 kpc, making the galaxy very compact and less luminous than the most massive galaxies at comparable redshift (Damjanov et al. 2009 ). Within the effective radius the SIE mass distribution has a mass of 5.2
10 M . We again apply the distance modulus and K-correction to convert the J125 magnitude to the rest-frame B band magnitude. We find a mass-to-light ratio within the effective radius of M/LB = 3.4
Adopting the average dark matter fraction of 1/3 found for SLACS systems of this mass (Treu & Koopmans 2004; , we obtain a stellar mass-to-light ratio of M /L = 2.2 +0.4 −1.1 M /L . We find that the central deflecting galaxy is consistent in size and mass with compact, massive galaxies observed at similar redshifts (so-called 'red nuggets') (Daddi et al. 2005; Van Dokkum et al. 2008; Damjanov et al. 2009; Newman et al. 2012) . The left panel of Figure 8 shows the central deflector galaxy on the size-mass relation measured by Newman et al. (2012) for red nuggets at z ∼ 1.7. Note however that our mass measurement is based on lensing and is therefore insensitive to any systematic uncertainties that may be associated with the inference of stellar mass from spectral energy distribution using population synthesis models. The right panel of Figure 8 compares our measurement of the stellar mass-to-light ratio to previous measurements of the cosmic evolution of the stellar mass-to-light ratio obtained with lensing at lower redshifts Treu & Koopmans (2004) and via the evolution of the Fundamental Plane out to z ∼ 1. 2 Treu et al. (2005) . The resulting stellar mass-to-light ratio is reasonable and roughly consistent with the extrapolation of lower redshift trends.
CONCLUSION
In this paper we investigate a candidate galaxy-scale gravitational lensing system with a z ∼ 1.7 lens magnifying a z ∼ 8 galaxy. By analysis of the eight brightest z ∼ 8 galaxies from Figure 8 . Left: Size mass relation at z ∼ 1.7 using stellar masses from spectral synthesis models of multicolour photometry (Newman et al. 2012) . Our lens candidate (red point) falls right on the relation, using its lensing based estimate of the stellar mass. Right: Cosmic evolution of the stellar mass-to-light ratio based on gravitational lenses at lower redshift (Treu & Koopmans 2004) , the evolution of the Fundamental Plane measured out to z ∼ 1.2 (Treu et al. 2005) . The red point represents the candidate lens presented in this paper.
the HST BoRG survey (reported in Bradley et al. 2012b ), we identified a candidate Y098-dropout which appears to be strongly lensed by a foreground group of massive galaxies at a photometric redshift of z ∼ 1.7 in field BoRG 0440-5244. In Section 3, we argue that the current data can be naturally interpreted in the context of strong gravitational lensing given that:
(i) The primary image of the Y098-dropout (with mAB = 25.9 ± 0.1) is close in proximity (∼ 1. 5) to a group of three foreground sources with mAB ∼ 23.5 − 24.5 that have a photometric redshift of z ∼ 1.7 and a velocity dispersion of ∼ 300 km/s, as inferred from typical mass-to-light ratios of z ∼ 1 − 2 galaxies;
(ii) The primary image is tangentially elongated along the proposed critical curve of the deflector; (iii) A candidate faint counter image on the opposite side of the deflector is detected at a low S/N in J125;
(iv) Y098-dropouts with luminosities similar to borg 0440-5244 682 have been observed to be preferentially clustered , but this does not appear to be the case for this field, implying an intrinsically fainter source.
Quantitatively, we demonstrate in Section 4 that a plausible and realistic lens model (SIE deflector and a source with Sérsic surface brightness profile) reproduces all observed data well. The best fit model, derived with a MCMC code, predicts a deflector with an Einstein Radius of 1. 49 
Overall, the properties of the main lensing galaxy are consistent with observations of 'red nuggets' at similar redshifts (Daddi et al. 2005; Trujillo et al. 2006; Buitrago et al. 2008; Van Dokkum et al. 2008) .
The discovery of the lensed configuration presented in this paper is an important contribution to two different areas of galaxy formation and evolution. First, it provides the first measurement of the fraction of strongly lensed z ∼ 8 galaxies for observations at random pointings (i.e. not clusters), which we derive to be ∼ 12.5%. This ratio is consistent with theoretical modelling by Wyithe et al. (2011) and highlights that the evolution of the galaxy luminosity function at z 7 might be intrinsically faster than observed at the bright-end. Since Wyithe et al. (2011) showed that the effect of magnification bias on the galaxy luminosity function increases with redshift, quantifying and verifying its impact at z ∼ 8 is valuable to construct predictions for upcoming and future surveys targeted at finding L L * galaxies at yet higher redshift. Second, we have obtained a lensing measurement of the stellar mass of a compact galaxy at z ∼ 1.7, without being affected by any of the systematic uncertainties that may be associated with the inference of stellar mass from spectral energy distribution using population synthesis models. This represents a leap forward compared to other similar measurements from gravitational lensing, which are limited to z 1 (see Figure 8) .
The main limitation of the current study is that the evidence for the lensing configuration is circumstantial. We have clearly shown that the data are consistent with the Y098-dropout being strongly lensed by the foreground sources (likely located at z ∼ 1.7) and that this interpretation is expected based on modelling of magnification bias in high-z large area surveys such as BoRG. However, we cannot rule out alternative explanations. The foreground group of galaxies could have a lower velocity dispersion (for example if it is not at z ∼ 1.7 as the photometric redshift solution prefers, but rather at z ∼ 0.3) and in this scenario the tentative detection of the counter image would be a noise fluctuation or an unassociated faint source. Another alternative to rule out is the possibility that the Y098-dropout primary image is in reality a strong emission line source at the redshift of the group, z ∼ 1.7, with properties similar to the (rare) galaxies observed by Atek et al. (2011) . However, this latter hypothesis would fail to explain the alignment of the Y098-dropout elongation with the critical curve of the lens and strongly contradict the four-band photometric redshift estimates of this source. Overall, the lensing configuration derived by our work is the most natural interpretation, but clearly a validation of the scenario is required. Intriguingly, our modelling makes specific predictions testable with deeper HST imaging. As shown in Figure 6 , improving the S/N of the observations by a factor two would both lead to a clear detection of the counter image, and to an increased ellipticity of the primary image. Such a goal is within reach of HST as it would require only a relatively modest investment of time (∼ 10h of observations). The scenario where the Y098-dropout is an emission line galaxy can be ruled out efficiently by spectroscopic follow-up with VLT, for example using X-shooter. Such spectroscopic follow-up would not only rule out the contamination from a z ∼ 1.7 emitter, but also provide an opportunity to confirm for the first time the redshift of a galaxy at z > 7.5 by detection of Lyα emission. Long slit observations can also attempt a concurrent spectroscopic confirmation of the redshift of the main deflector while observing the Y098-dropout. This could make galaxy BoRG 0440-5244 682 not only the most distant spectroscopically confirmed LBG, but also the most distant gravitational lens observed to date.
